Effects of transplacental exposure to environmental pollutants on birth outcomes in a multiethnic population. by Perera, Frederica P et al.
Environmental Health Perspectives • VOLUME 111 | NUMBER 2 | February 2003 201
Effects of Transplacental Exposure to Environmental Pollutants on Birth
Outcomes in a Multiethnic Population 
Frederica P. Perera,1 Virginia Rauh,1 Wei-Yann Tsai,1 Patrick Kinney,1 David Camann,2 Dana Barr,3 Tom Bernert,3
Robin Garﬁnkel,1 Yi-Hsuan Tu,1 Diurka Diaz,1 Jessica Dietrich,1 and Robin M. Whyatt1
1Columbia Center for Children’s Environmental Health, Mailman School of Public Health, Columbia University, New York, USA;
2Department of Analytical and Environmental Chemistry, Southwest Research Institute, San Antonio, Texas, USA; 3Centers for Disease
Control and Prevention, National Center for Environmental Health, Division of Laboratory Sciences, Atlanta, Georgia, USA
The impact of environmental toxicants on
children’s health is increasingly being recog-
nized as signiﬁcant (Faustman 2000; GBPSR
2000; Landrigan et al. 1999; Perera et al.
1999; U.S. EPA 1996). Human and experi-
mental studies indicate that the fetus and
infant are more sensitive than adults to many
environmental toxicants, including environ-
mental tobacco smoke (ETS), polycyclic aro-
matic hydrocarbons (PAHs), and pesticides
(Calabrese 1986; Mott et al. 1994; National
Academy of Sciences 1993; WHO 1986;
Whyatt and Perera 1995). Urban, minority
populations represent high-risk groups for
adverse birth outcomes (New York City
Department of Health 1998; Perera et al.
2002). These same populations are likely to
be more heavily exposed to ambient air pollu-
tion, ETS, and pesticides (Chen and Petitti
1995; Heritage 1992; Metzer et al. 1995;
Olden and Poje 1995; Pirkle et al. 1996;
Wagenknecht et al. 1993; Wernette and
Nieves 1992). However, only limited infor-
mation is available on the extent and impact
of prenatal exposure to these environmental
contaminants on fetal growth and develop-
ment. Etiologic studies have largely been eco-
logic, lacking individual-level data on
exposure.
In the present study we evaluated the
effects of prenatal exposure to common
urban pollutants: airborne PAHs monitored
during pregnancy by personal air sampling
of the mother; along with ETS, estimated by
plasma concentrations of cotinine; and the
organophosphate (OP) pesticide (CPF), esti-
mated by plasma CPF concentrations. In
addition to being genotoxic and carcino-
genic, PAHs such as benzo[a]pyrene (BaP)
are endocrine disruptors (Bostrom et al.
2002; Bui et al. 1986; Davis et al. 1993).
Prior laboratory and two human studies in
Central Europe indicate that transplacental
exposure to PAHs at relatively high concen-
trations (annual average airborne concentra-
tions of 7–17 ng/m3 BaP in the human
studies) is associated with adverse birth out-
comes (Barbieri et al. 1986; Bui et al. 1986;
Legraverend et al. 1984; Perera et al. 1998;
Dejmek et al. 2000). ETS is a complex mix-
ture of over 4,000 chemicals, including
PAHs and carbon monoxide (Leikauf et al.
1995). Prenatal exposure to tobacco smoke
has been associated with deficits in birth
weight, birth length, and cognitive function-
ing at age 3 (Janerich et al. 1990; Martinez
et al. 1994; Schuster-Kolbe and Ludwig
1994; Sexton et al. 1990). OP pesticides can
act as developmental toxicants. For example,
CPF exerts neurodevelopmental and/or
behavioral effects in experimental studies
when administered during gestation or post-
natally (reviewed in (Eskenazi et al. 1999;
GBPSR 2000; Landrigan et al. 1999;
Whyatt et al. 2002). Effects on human fetal
development have not yet been evaluated. As
previously reported, we have obtained multi-
ple measures of pesticides on our parent
cohort of pregnant women and newborns
(Whyatt et al. 2002). In the present analysis,
CPF was selected as a covariate because it
was the most commonly detected pesticide
in plasma samples and because CPF levels in
cord plasma were highly correlated with
those of other frequently detected pesticides
in plasma, including the organophosphate
diazinon and carbamate bendiocarb (r = 0.8
and r = 0.5, respectively; p < 0.001,
Spearman’s rank). CPF and diazinon have
been used widely on fruits and vegetables
and in treatment of homes, although all resi-
dential uses are being phased out (Adgate et
al. 2001; U.S. EPA 2002).
Here we tested the hypothesis that prenatal
exposure to environmental pollutants is nega-
tively associated with birth weight, length, and
head circumference, after controlling for the
effects of known physical, biologic, and toxic
determinants of fetal growth. As reported pre-
viously, the study cohort has substantial expo-
sure to multiple contaminants during
pregnancy (Perera et al. 2002; Whyatt et al.
2001, 2002). Speciﬁcally, analysis of PAHs in
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Inner-city, minority populations are high-risk groups for adverse birth outcomes and also are more
likely to be exposed to environmental contaminants, including environmental tobacco smoke
(ETS), polycyclic aromatic hydrocarbons (PAHs), and pesticides. In a sample of 263 nonsmoking
African-American and Dominican women, we evaluated the effects on birth outcomes of prenatal
exposure to airborne PAHs monitored during pregnancy by personal air sampling, along with
ETS estimated by plasma cotinine, and an organophosphate pesticide (OP) estimated by plasma
chlorpyrifos (CPF). Plasma CPF was used as a covariate because it was the most often detected in
plasma and was highly correlated with other pesticides frequently detected in plasma. Among
African Americans, high prenatal exposure to PAHs was associated with lower birth weight (p =
0.003) and smaller head circumference (p = 0.01) after adjusting for potential confounders. CPF
was associated with decreased birth weight and birth length overall (p = 0.01 and p = 0.003,
respectively) and with lower birth weight among African Americans (p = 0.04) and reduced birth
length in Dominicans (p < 0.001), and was therefore included as a covariate in the model with
PAH. After controlling for CPF, relationships between PAHs and birth outcomes were essentially
unchanged. In this analysis, PAHs and CPF appear to be signiﬁcant independent determinants of
birth outcomes. Further analyses of pesticides will be carried out. Possible explanations of the fail-
ure to ﬁnd a signiﬁcant effect of PAHs in the Hispanic subsample are discussed. This study pro-
vides evidence that environmental pollutants at levels currently encountered in New York City
adversely affect fetal development. Key words: birth outcomes, development, environmental, ETS,
PAH, pesticides, pollutants, prenatal. Environ Health Perspect 111:201–205 (2003). [Online
31 October 2002] 
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Children’s Health | Articlesair samples from the ﬁrst 250 subjects showed
that all samples had detectable levels of one or
more carcinogenic PAHs, ranging over 4
orders of magnitude (Perera et al. 2002).
Almost half of the mothers and infants initially
enrolled had cotinine levels indicative of ETS
exposure (≥ 0.05–25 ng/mL). Maternal and
newborn plasma cotinine levels were signifi-
cantly higher for mothers who reported smok-
ing by others in the household than for
mothers who reported no smoking in the
home (p < 0.001). In addition, 85% of the
subjects reported that some form of pest con-
trol was used during pregnancy, and 35%
reported that their homes were sprayed by an
exterminator during pregnancy (Whyatt et al.
2002). One-third of pest control users also
reported use of can sprays or pest bombs dur-
ing pregnancy (Whyatt et al. 2002). Pesticide
concentrations measured in a subset of the pre-
natal air monitoring ﬁlters showed that 100%
of the women had detectable exposure to mul-
tiple pesticides, including CPF at levels rang-
ing from 0.7 to 193 ng/m3 (Whyatt et al.
2002). CPF was signiﬁcantly higher in African
Americans than Dominicans in the full cohort
after controlling for neighborhood of residence
(Whyatt et al. 2002). 
Methods
Study subjects. Study subjects are Dominican
and African-American women residing in
Washington Heights, Central Harlem, and
the South Bronx, New York, who delivered at
New York Presbyterian Medical Center
(NYPMC), Harlem Hospital (HH), or their
satellite clinics (Perera et al. 2002; Whyatt et
al. 2002) (see Table 1 for demographic and
exposure characteristics of the population).
Ethnicity was self-identified. Nonsmoking
women, ages 18–35, who registered at the
obstetrics and gynecology clinics at NYPMC
and HH by the 20th week of pregnancy, were
free of diabetes, hypertension, or known HIV,
and resided in the area for at least one year
were eligible. Subjects included in the present
analysis are those with valid prenatal personal
monitoring data on PAHs, cord or maternal
blood samples, complete questionnaire data,
and birth outcome data. Subjects with missing
information on any of these data points were
excluded from the analysis. Seven subjects
with plasma cotinine concentrations > 25
were excluded to rule out active smoking.
Analyses were also run restricting to cotinine
≤ 15, which has also been used as a cutoff for
ETS. There were no signiﬁcant differences in
sociodemographic characteristics or levels of
exposure between subjects with missing data
and those included in the present sample. 
Personal interview. A 45-minute ques-
tionnaire was administered by a trained bilin-
gual interviewer during the last trimester of
pregnancy. The questionnaire included
demographic information, lifetime residential
history (country of birth, location, and dura-
tion of residence), travel outside the current
area of residence during the past year, history
of active and passive smoking [household
members who smoke and estimated cigarettes
smoked per day by smoker(s)], alcohol use
during each trimester of pregnancy, and con-
sumption of PAH-containing meat (fre-
quency of consumption of fried, broiled, and
barbecued meat). Socioeconomic information
related to income and education was also col-
lected. The questionnaire was based on that
used in a prior study of women and newborns
and adapted for the New York City popula-
tion (Perera et al. 1998). 
Prenatal personal PAHs assessment.
During the third trimester of pregnancy,
women were asked to wear a small backpack
containing a personal monitor during the day-
time hours for 2 consecutive days and to place
the monitor near the bed at night. The per-
sonal air sampling pumps operated continu-
ously over this period, collecting vapors and
particles of ≤ 2.5 µg in diameter on a pre-
cleaned quartz microfiber filter and a pre-
cleaned polyurethane foam (PUF) cartridge
backup. The samples were analyzed at
Southwest Research Institute (SwRI) for eight




lene as described (Camann et al. 1995; Geno
et al. 1993; Majumdar et al. 1993). To deter-
mine whether subjects complied with requests
to carry backpacks equipped with environ-
mental monitoring devices, motion detectors
were installed in the backpacks of randomly
selected women. For the average woman,
nearly 95% of the total number of motion
detections occurred during waking hours,
consistent with the verbal reports of our sub-
jects that they were complying with our
request to wear the backpacks during daytime
hours over the environmental monitoring
period. 
For quality control, each personal moni-
toring result was coded as to accuracy in ﬂow
rate, time, and completeness of documenta-
tion. A code of 0–1 indicated high quality, 2
indicated intermediate quality, and 3 indi-
cated unacceptable quality. We restricted
analysis to 263 subjects with code 0,1 samples
and other relevant data (excluding 19 subjects
with code 2 and 3 samples). 
Biologic sample collection and analysis.
Maternal blood (30–35 mL) was collected
within 1 day postpartum, and umbilical cord
blood (30–60 mL) was collected at delivery.
Samples were transported to the laboratory
immediately. The buffy coat, packed red blood
cells, and plasma samples were separated and
stored at –70°C. A portion of each sample was
shipped to the Centers for Disease Control
and Prevention (CDC) for analysis of cotinine
and pesticides. Plasma cotinine was analyzed
by the CDC using high-performance liquid
chromatography atmospheric-pressure ioniza-
tion tandem mass spectrometry as described
(Bernert et al. 1997, 2000). Plasma levels of
CPF were analyzed using isotope dilution gas
chromatography–high resolution mass spec-
trometry as described (Barr et al. 2002).
Measures of fetal growth. Information was
abstracted by the research workers from moth-
ers’ and infants’ medical records following
delivery including date of delivery, gestational
age at birth, infant sex, birth weight, length,
head circumference, infant malformations,
Apgar scores, maternal height, prepregnancy
weight, total weight gain, complications of
pregnancy and delivery, and medications used
during pregnancy.
Statistical analysis. To exclude active
smokers, we restricted analyses to women and
newborns with cotinine levels ≤ 25 ng/mL.
Analyses were also done further restricting to
≤ 15 ng/mL (excluding 3 subjects). Because
the eight PAH air concentration measures
were significantly intercorrelated (r values
ranging from 0.45–0.94; all p-values < 0.001
by Spearman’s rank), a composite PAH vari-
able was computed. This summed measure
was dichotomized at the median (2.66
ng/m3) to obtain a measure of high or low
exposure. The dichotomous variable was used
in the regression analysis because it is less vul-
nerable to error and uncertainty in the moni-
toring data. The results were similar when the
continuous PAH variable was used. The
maternal and cord plasma concentrations of
both cotinine and CPF were signiﬁcantly cor-
related (r = 0.88, p < 0.001 for cotinine; r =
0.6, p < 0.001 for CPF by Spearman’s rank).
Therefore, in cases where the umbilical cord
levels were not available, the mothers’ values
were used. For CPF, we used the formula
derived from the regression model: Ln new-
born CPF = 0.46 + 0.61 × Ln maternal CPF.
Cotinine and CPF and birth outcomes were
log (Ln) transformed to provide a better ﬁt to
the data and/or to approximate the normal
distribution and stabilize the variance. The
relationships between the exposure variables
and the birth outcomes were analyzed by
multiple regression, adjusting for known or
potential confounders, and including all tests
of interactions between ethnicity and expo-
sures. In addition to PAHs dichotomized as
high/low and CPF as a continuous variable,
the ﬁnal regression model included covariates
representing known or suspected risk factors
that were associated with birth outcomes (p ≤
0.1). To measure the contribution of antena-
tal toxicant exposures to birth outcomes, we
conducted multiple regression analyses. As
shown in Table 2, regression analysis
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the effects of PAHs, adjusting for potential
confounders including body mass index
(BMI), parity, gestational age, and infant sex.
Cotinine, income, and alcohol consumption
were not significant predictors of outcomes
(p > 0.1) and were not included. Maternal age
and parity were significantly intercorrelated
(r = 0.26, p < 0.001) and inclusion of age
instead of parity gave similar results. Because
CPF was associated with decrements in birth
weight and birth length after adjusting for the
covariates in model 1, model 2 included CPF
as a covariate (Table 2). In a separate model,
because nonsmoking-related airborne PAHs
were of primary interest, we adjusted for
dietary PAHs as well as cotinine in addition to
the covariates in model 1. The test for interac-
tion between PAHs and ethnicity on birth out-
comes was significant (see “Results”);
therefore, stratiﬁed analyses were carried out
by race/ethnic group. The percent reduction in
each birth outcome associated with high pre-
natal PAHs was calculated using the formula
[1–exp (β)] × 100%.
Results 
Demographic and exposure characteristics for
the subjects included in the present analysis
are provided in Table 1 together with sum-
mary data on measured levels of PAHs, coti-
nine, and CPF. The subset did not differ from
the overall cohort in terms of demographic
variables. As noted above and in Table 1, the
present subset included only nonsmoking
women (cotinine ≤ 25 ng/mL). The results
were unchanged when we repeated the analy-
ses restricting to women with cotinine ≤ 15
ng/mL. Among subjects in the present analy-
sis, 100% had detectable inhalation levels of
one or more PAHs. Total PAH exposures
averaged 3.7 ng/m3 and varied substantially
among the women, with a range of 0.36
ng/m3 to 36.47 ng/m3. Forty-two percent of
mothers and 45% of newborns had cotinine
levels > 0.05 and ≤ 25 ng/mL, indicative of
ETS exposure. CPF was detected in 98% of
the maternal and 94% of the cord samples,
with means of 7.6 pg/g in cord blood and 7.1
in maternal blood. PAHs were correlated with
cotinine (r = 0.26, p < 0.001). Self-reported
ETS and plasma cotinine differed by ethnic-
ity, with African Americans being signiﬁcantly
more likely to report ETS exposure (p ≤ 0.01)
and to have higher cotinine levels (p ≤ 0.01).
The mean birth weight was 3382.6 g
(SD = 499.2). Mean head circumference was
34.1 cm (SD = 1.6). Mean birth weight,
birth length, and head circumference were
lower and there was greater variability in
these outcomes among African Americans
than in Dominican infants. The differences
between individual outcomes were not sig-
nificant by t-test; however, by multivariate
Hotelling’s t-test, at least one of these
outcomes (weight, length, head circumfer-
ence) was significantly lower in African
Americans (p < 0.001). Four percent of
infants were preterm (< 37 weeks gestation).
African-American infants had a significantly
lower mean gestational age than Dominican
infants (39 vs. 39.6 weeks, p ≤ 0.01), despite
the restriction of the sample to women who
completed the air monitoring in the third
trimester of pregnancy.
The test of interaction between PAHs
and ethnicity was signiﬁcant for birth weight
(p = 0.002) and for head circumference (p =
0.012), such that PAHs had a significant
adverse effect on birth weight and head cir-
cumference among African-American but not
Dominican infants. Possible differential
effects of toxicant exposure on different
ethnic groups prompted us to conduct eth-
nic-speciﬁc regressions.
As shown in Table 2, among African
Americans prenatal exposure to PAHs was
associated with lower birth weight (β =
–0.09, p = 0.003) and smaller head circum-
ference (β = –0.02, p = 0.01) after adjusting
for potential confounders (model 1). CPF
was significantly associated with decreased
birth weight overall (β = –0.04, p = 0.01) and
among African Americans (β = –0.05, p =
0.04), but not among Dominicans (β =
–0.03, p = 0.11). CPF was also associated
with reduced birth length overall (β = –0.01,
p = 0.003) and in Dominicans (β = –0.02, p
< 0.001), but was not signiﬁcantly associated
with head circumference. After adjusting for
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Table 1. Demographic and exposure characteristics of the population.a
All African American Dominican
(n = 263) (n = 116) (n = 146)
Maternal age (year)b 24.6 (5.2) (n = 262) 24.1 (5) (n = 115) 25 (5.3) (n = 146)
Maternal education (%)
< High school 32.8 31 34.3
High school 45.3 46.6 44.3
> High school 21.9 22.4 24.4
Maternal ETS 
(% reporting smoker in the home) 42.8 51.8* 35.9
Maternal alcohol consumption 
(% drank alcohol during pregnancy) 24 12.4* 33.3
Maternal height (cm)b 162.6 (8.3) (n = 263) 164.5 (8.4) (n = 116)* 161 (8) (n = 146)
Maternal prepregnancy weight (kg)b 67 (16.5) (n = 263) 71.6 (19.7) (n = 116)* 63.3 (12.4) (n = 146)
Gestational age (weeks)b 39.3 (1.5) (n = 263) 39 (1.7) (n = 116)* 39.6 (1.2) (n = 129)
Newborn birth weight (g) 3382.6 (499.2) (n = 262) 3299 (548.7) (n = 115)c 3348.5 (449.4) (n = 146)
Newborn birth length (cm)b 50.9 (2.7) (n = 259) 50.8 (3.4) (n = 115)c 51.1 (2.2) (n = 143)
Newborn head circumference (cm)b 34.1 (1.6) (n = 248) 33.8 (1.9) (n = 111)c 34.3 (1.2) (n = 136)
Sex of newborn (% females) 51.5 48.3 54.1
Plasma cotinine (ng/mL)b,d 0.5 (2.4) (n = 254) 0.6 (2) (n = 110)* 0.5 (2.7) (n = 143)
Inhalation PAH (ng/m3)b 3.7 (3.6) (n = 263) 3.5 (2.8) (n = 116) 3.9 (4.1) (n = 146)
Plasma chlorpyrifos (CPF) (pg/g)b 7.5 (7.5) (n = 113) 8 (6.3) (n = 57) 7.1 (8.5) (n = 56)
aSubjects with prenatal monitoring data on PAH, either cord or maternal blood sample, complete questionnaire data, and
birth outcome data. There were no signiﬁcant differences between the overall parent population and the present subset
in terms of demographic, questionnaire-derived, and birth outcome variables shown in Table 1. bMean (SD). Arithmetic
means are presented for ease of comparison with other studies; however, the reported analyses are based on log-trans-
formed data. cBy Multivariate Hotelling’s t-test, at least one of these outcomes (weight, length, head circumference) was
significantly lower in African Americans (p < 0.001). dSubjects with cotinine > 25 ng/mL were excluded from analysis.
Cotinine represents the level in cord blood or, if unavailable, the level in maternal blood, using the formula provided in the
text. *p ≤ 0.01 for African American vs. Dominican (Student’s t-test for maternal height, prepregnancy weight, and gesta-
tional age; χ2 for ETS exposure and alcohol; Mann-Whitney for cotinine).
Table 2. Associations between prenatal PAH exposure and birth outcomes,a by ethnic group, with and
without CPF.
Birth weight Birth length Head circumference
Model 1 Model 2b Model 1 Model 2 Model 1 Model 2
All
β –0.02 –0.05 –0.003 –0.02 –0.006 –0.01
PAH p 0.27 0.08 0.57 0.08 0.24 0.12
No. 261 112 258 112 247 108
African American
β –0.09 –0.10 –0.01 –0.02 –0.02 –0.02
PAH p 0.003 0.02 0.30 0.24 0.01 0.06
No. 115 56 115 57 111 54
Dominican
β 0.03 –0.009 0.003 –0.02 0.005 0.003
PAH p 0.16 0.81 0.65 0.11 0.33 0.80
No. 146 56 143 55 136 54
Model 1: covariates included BMI, parity, cotinine, sex of baby, and gestational age. 
aBirth outcomes were log (LN) transformed. bModel 2 covariates included all variables in model 1 plus CPF. CPF, relationships between PAHs and birth
outcomes were essentially unchanged among
African Americans (model 2): (β = –0.1, p =
0.02 for birth weight; and β = –0.02, p =
0.06 for head circumference). Table 3 sum-
marizes the effects of all covariates in model
2. PAHs and CPF appear to be significant
independent determinants of birth outcomes
in that no significant interactions were
observed between them; however, this analy-
sis is limited by the number of subjects in the
combined analyses. When we adjusted fur-
ther in the analysis of personal air PAHs for
other PAH sources (dietary PAHs and ETS as
measured by cotinine), the associations
between PAHs and birth outcomes remained
significant (β = –0.08, p = 0.02 for birth
weight; and β = –0.02, p = 0.04 for head
circumference among African Americans).
Discussion
The association of PAHs with decreased birth
weight and smaller head circumference among
African Americans, before and after adjusting
for CPF and other potential confounders, is of
concern because several studies have reported
that reduction in head circumference at birth
or during the ﬁrst year of life correlates with
lower IQ as well as poorer cognitive function-
ing and school performance in childhood
(Dam et al. 1998; Hack et al. 1991; Song et al.
1997). The present ﬁnding is consistent with
our prior observation that the levels of
PAH–DNA adducts in cord blood of
Caucasian newborns in Poland were signifi-
cantly associated with lower birth weight,
reduced length, and head circumference
(Perera et al. 1998). Fetal toxicity may be
caused by antiestrogenic effects (Bui et al.
1986), binding to the human Ah receptor to
induce P450 enzymes (Manchester et al.
1987), to DNA damage resulting in activation
of apoptotic pathways (Meyn 1995; Nicol et
al. 1995; Wood and Youle 1995), or to bind-
ing to receptors for placental growth factors
resulting in decreased exchange of oxygen and
nutrients (Dejmek et al. 2000).
In this study, among African Americans
high PAHs were associated with a 9% reduc-
tion in birth weight and with a head circum-
ference decrement of 2%. After adjusting for
CPF, the corresponding reductions were 10%
in birth weight and 2% in head circumfer-
ence. No other studies have carried out per-
sonal monitoring of PAHs in pregnant
women. However, we note that the mean
PAH concentration observed in this study
(3.7 ng/mL) is 46% lower than that mea-
sured in personal air samples from nonsmok-
ing women who worked outdoors in a
moderately polluted area of the Czech
Republic (6.9 ± 4.4 ng/m3, range 2.7–18.8
ng/m3). However, the New York City range
is wider and the upper bound is higher.
PAHs are only one class of chemicals among
many found in particulate matter from com-
bustion sources. Nevertheless, our results are
consistent with ecologic studies showing asso-
ciations between ambient levels of air pollu-
tants (including total suspended particulate
matter) and low birth weight (Bobak 2000;
Chen and Omaye 2001; Ha et al. 2001). A
study in Northern Bohemia found that esti-
mated exposure to carcinogenic PAHs in
early gestation (based on ambient air moni-
toring data) was associated with reduced fetal
growth (Dejmek et al. 2000). 
The finding that effects of PAHs were
significant only among African Americans
may be attributed to unmeasured differences
in exposure and/or susceptibility, to our
limited sample size, or to the fact that birth
outcomes (weight, head circumference, and
gestational age) were generally less favorable
and more variable in African Americans than
in Dominicans. It is possible that with our
limited sample size we were able to observe
effects of prenatal exposure to pollutants only
in African-American women because of the
greater incidence of adverse outcomes and the
greater variability in birth outcomes within
this group compared with Dominicans.
Although African-American mothers had sig-
nificantly higher self-reported exposure to
ETS and plasma cotinine levels, the personal
air concentrations of PAHs and CPF did not
differ significantly between ethnic groups
(Table 1). 
The data show an association between
CPF and reduced birth weight and birth
length. CPF is only one of a number of pesti-
cides measured in the parent cohort study.
Comprehensive analyses of the main effects of
all measured pesticides on birth outcomes will
be carried out. There are no prior comparable
studies in humans, and the mechanism for
possible effects on fetal growth is not known.
However, exposure to CPF has been shown
to induce brain cell loss and neurochemical
and behavioral effects in the developing rat
when given prenatally (Campbell et al. 1997;
Chanda and Pope 1996). CPF has recently
been regulated and residential uses are being
phased out, but it has been the most heavily
applied pesticide throughout New York State
and in Manhattan in recent years (Landrigan
et al. 1999; Thier et al. 1998; Whyatt et al.
2002). 
In this study, cotinine was not a signifi-
cant predictor of birth outcomes (p > 0.1).
The absence of a significant effect of ETS
(cotinine) may be due to the fact that the
cohort is nonsmoking and cotinine levels are
generally low. 
This study has the advantage of being
based on individual prenatal exposure data
from personal monitoring and biomarkers, as
well as extensive medical records and ques-
tionnaire data. However, it is limited by the
modest sample of subjects for whom data
from all relevant domains are currently avail-
able. Relationships observed in low-income,
minority women might be different in
women of other races or ethnic, cultural, or
socioeconomic backgrounds. In our study
cohort, adverse environmental conditions and
adverse outcomes are common. However, we
reported previously that DNA damage from
PAHs was associated with worse birth out-
comes among Caucasians in Central Europe
who were exposed to air pollution from coal
burning (Perera et al. 1998). Finally, due to
budgetary constraints, we were able to obtain
only a single prenatal air sample over a 48-hr
period. Whether this single measurement is
representative of average exposure either during
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Table 3. Associations between all covariates in Model 2a and birth outcomesb, by ethnic group.
All African American Dominican
BW BL HC BW BL HC BW BL HC
PAH
β –0.05 –0.02 –0.01 –0.10 –0.02 –0.02 –0.009 –0.02 0.003
p-Value 0.08 0.08 0.12 0.02 0.24 0.06 0.81 0.11 0.80
CPF
β –0.04 –0.02 –0.005 –0.05 –0.01 –0.003 –0.02 –0.02 –0.005
p-Value 0.01 0.04 0.28 0.04 0.15 0.70 0.26 0.002 0.31
Parity
β –0.02 0.01 0.002 0.02 0.03 0.006 –0.06 0.001 –0.005
p-Value 0.66 0.25 0.89 0.74 0.21 0.75 0.23 0.93 0.70
BMI
β 0.003 0.0003 0.0007 0.006 0.0007 0.001 0.003 0.0003 –0.0005
p-Value 0.14 0.69 0.26 0.06 0.56 0.17 0.47 0.76 0.65
Sex
β 0.04 0.02 0.02 0.06 0.03 0.02 0.04 0.02 0.02
p-Value 0.14 0.02 0.02 0.18 0.13 0.10 0.27 0.04 0.07
Gestational age
β 1.94 0.63 0.64 0.64 0.68 0.70 1.02 0.06 0.19
p-Value < 0.001 < 0.001 < 0.001 0.003 < 0.001 < 0.001 0.20 0.78 0.36
No. 112 112 108 56 57 54 56 55 54
Abbreviations: BL, birth length; BW, birth weight; HC, head circumference.
aModel 2 covariates included all variables in model 1 plus CPF. bBirth outcomes were log (LN) transformed.the third trimester or the entire pregnancy is
unknown. Similarly, the biomarkers were
measured at a single time point. In cases of
chronic exposure, a single measure can be a
representative internal dosimeter; however,
this may not be true if exposures are sporadic
and biomarkers have short half-lives. Studies
are underway to determine the representative-
ness of a single 48-hr personal monitoring
sample and a single biomarker measurement
for various pollutants of interest. 
Conclusion
This study provides evidence that environ-
mental pollutants at levels currently encoun-
tered in New York City adversely affect fetal
development.
REFERENCES
Adgate JL, Barr DB, Clayton CA, Eberly LE, Freeman NC, Lioy
PJ, et al. 2001. Measurement of children’s exposure to
pesticides: analysis of urinary metabolite levels in a proba-
bility-based sample. Environ Health Perspect 109:583–590. 
Barbieri O, Ognio E, Rossi O, Astigiano S, Rossi L. 1986.
Embryotoxicity of benzo(a)pyrene and some of its syn-
thetic derivatives in Swiss mice. Cancer Res 46:94–98. 
Barr DB, Barr JR, Maggio VL, Whitehead RD Jr, Sadowski MA,
Whyatt RM, et al. 2002. A multi-analyte method for the
quantiﬁcation of contemporary pesticides in human serum
and plasma using high resolution mass spectrometry.
J Chromatogr B Analyt Technol Biomed Life Sci
778:99–111. 
Bernert JT, McGuffey JE, Morrison MA, Pirkle JL. 2000.
Comparison of serum and salivary cotinine measurements
by a sensitive high-performance liquid chromatography-
tandem mass spectrometry method as an indicator of expo-
sure to tobacco smoke among smokers and nonsmokers.
J Anal Toxicol 24:333–339. 
Bernert JT, Turner WE, Pirkle JL, Sosnoff CS, Akins JR, Waldrep
MK, et al. 1997. Development and validation of sensitive
method for determination of serum cotinine in smokers and
nonsmokers by liquid chromatography/atmospheric pres-
sure ionization tandem mass spectrometry. Clin Chem
43:2281–2291.
Bobak M. 2000. Outdoor air pollution, low birth weight, and
prematurity. Environ Health Perspect 108:173–176. 
Bostrom CE, Gerde P, Hanberg A, Jernstrom B, Johansson C,
Kyrklund T, et al. 2002. Cancer risk assessment, indicators,
and guidelines for polycyclic aromatic hydrocarbons in
the ambient air. Environ Health Perspect 110(suppl
3):451–488. 
Bui QQ, Tran MB, West WL. 1986. A comparative study of the
reproductive effects of methadone and benzo(a)pyrene in the
pregnant and pseudopregnant rat. Toxicology 42:195–204.
Calabrese EJ. 1986. Age and Susceptibility to Toxic
Substances. New York:John Wiley and Sons. 
Camann DE, Harding HJ, Clothier JM, Kuchibhatla RV, Bond
AE. 1995. Dermal and in-home exposure of the farm family
to agricultural pesticides. In: Measurement of Toxic and
Related Air Pollutants: Proceedings of an International
Symposium. Research Triangle Park, NC:Air & Waste
Management Association, 548–554. 
Campbell CG, Seidler FJ, Slotkin TA. 1997. Chlorpyrifos interferes
with cell development in rat brain regions. Brain Res Bull
43:179–189. 
Chanda SM, Pope CN. 1996. Neurochemical and neurobehav-
ioral effects of repeated gestational exposure to chlor-
pyrifos in maternal and developing rats. Pharmacol
Biochem Behav 53:771–776. 
Chen L, Omaye ST. 2001. Air pollution and health effects in
northern Nevada. Rev Environ Health 16:133–149.
Chen LH, Petitti DB. 1995. Case-control study of passive smoking
and the risk of small-for-gestational-age at term. Am J
Epidemiol 142:158–165. 
Dam K, Seidler FJ, Slotkin TA. 1998. Developmental neurotoxicity
of chlorpyrifos: delayed targeting of DNA synthesis after
repeated administration. Brain Res Dev Brain Res
108:39–45. 
Davis DL, Bradlow HL, Wolff M, Woodruff T, Hoel DG, Anton-
Culver H. 1993. Medical hypothesis: xenoestrogens as
preventable causes of breast cancer. Environ Health
Perspect 101:372–377.
Dejmek J, Solansky I, Benes I, Lenicek J, Sram RJ. The impact of
polycylic aromatic hydrocarbons and ﬁne particles on preg-
nancy outcome. Environ Health Perspect 108:1159–1164.
Eskenazi B, Bradman A, Castorina R. 1999. Exposures of children
to organophosphate pesticides and their potential adverse
health effects. Environ Health Perspect 107:409–419. 
Faustman EM. 2000. Mechanisms underlying children’s
susceptibility to environmental toxicants. Environ Health
Perspect 108:13–21. 
GBPSR. 2000. In Harm’s Way: Toxic Threats to Child
Development. Cambridge, MA:Greater Boston Physicians
for Social Responsibility. 
Geno PW, Camann DE, Villalobos K, Lewis RG. 1993. Analytical
methods for assessing the exposure of farmers and their
families to pesticides. In: Measurement of Toxic and
Related Air Pollutants: Proceedings of the 1993 U.S.
EPA/A&WMA International Specialty Conference.
Research Triangle Park, NC:Air & Waste Management
Association, 698–705. 
Ha EH, Hong YC, Lee BE, Woo BH, Schwartz J, Christiani DC.
2001. Is air pollution a risk factor for low birth weight in
Seoul? Epidemiology 12:643–648. 
Hack M, Breslau N, Weissman B, Aram D, Klein N, Borawski E.
1991. Effect of very low birth weight and subnormal head
size on cognitive ability at school age. N Engl J Med
325:231–237. 
Heritage J, ed. 1992. Environmental Protection—Has It Been
Fair? EPA J Vol 18. 
Janerich DT, Thompson WD, Varela LR, Greenwald P, Chorost
S, Tucci C, et al. 1990. Lung cancer and exposure to
tobacco smoke in the household. New Engl J Med
323:632–636. 
Landrigan PJ, Claudio L, Markowitz SB, Berkowitz GS,
Brenner BL, Wetmur JG, et al. 1999. Pesticides and inner-
city children: exposures, risks, and prevention. Environ
Health Perspect 107:431–437.
Legraverend C, Guenthner TM, Nebert DW. 1984. Importance of
the route of administration for genetic differences in
benzo(a)pyrene-induced in utero toxicity and teratogenicity.
Teratology 29:35–47. 
Leikauf GD, Kline S, Albert R, Baxter CS, Bernstein DI,
Bernstein J, et al. 1995. Evaluation of a possible associa-
tion of urban air toxics and asthma. Environ Health
Perspect 103:253–271. 
Majumdar TK, Camann DE, Geno PW. 1993. Analytical method
for the screening of pesticides and polynuclear aromatic
hydrocarbons from house dust: Proceedings of the 1993
U.S. EPA/A&WMA International Specialty Conference.
Research Triangle Park, NC:Air & Waste Management
Association, 685–690. 
Manchester DK, Gordon SK, Golas CL, Roberts EA, Okey AB.
1987. Ah receptor in human placenta: stabilization by
molybdate and characterization of binding of 2,3,7,8-tetra-
chlorodibenzo-p-dioxin, 3-methylcholanthrene, and
benzo(a)pyrene. Cancer Res 47:4861–4868. 
Martinez FD, Wright AL, Taussig LM. 1994. The effect of paternal
smoking on the birthweight of newborns whose mothers
did not smoke. Am J Public Health 84:1489–1491. 
Metzer R, Delgado JL, Herrell R. 1995. Environmental health
and Hispanic children. Environ Health Perspect 103:25–32. 
Meyn MS. 1995. Ataxia-telangiectasia and cellular responses
to DNA damage. Cancer Res 55:5991–6001. 
Mott L, Vance F, Curtis J. 1994. Handle with Care: Children and
Environmental Carcinogens. New York:Natural Resources
Defense Council. 
National Academy of Sciences. 1993. Pesticides in the Diets of
Infants and Children. Washington, DC:National Academy
Press.
New York City Department of Health. 1998–1999. Vital
Statistics. New York:New York City Department of Health. 
Nicol CJ, Harrison ML, Laposa RR, Gimelshtein IL, Wells
PG. 1995. A teratologic suppressor role for p53 in
benzo[a]pyrene-treated transgenic p53-deficient mice.
Nat Genet 10:181–187.
Olden K, Poje J. 1995. Environmental justice and environmental
health. Bull Soc Occup Environ Health 4:3–4. 
Perera FP, Illman SM, Kinney PL, Whyatt RM, Kelvin EA,
Shepard P, et al. 2002. The challenge of preventing envi-
ronmentally related disease in young children: commu-
nity-based research in New York City. Environ Health
Perspect 110:197–204. 
Perera FP, Whyatt RM, Jedrychowski W, Rauh V, Manchester
D, Santella RM, et al. 1998. Recent developments in mole-
cular epidemiology: a study of the effects of environmen-
tal polycylic aromatic hyrdrocarbons on birth outcomes in
Poland. Am J Epidemiol 147:309–314. 
Perera FP, Whyatt R, Rauh V, Jedrychowski W. 1999.
Molecular epidemiologic research on the effects of envi-
ronmental pollutants on the fetus. Environ Health Perspect
107:451–460. 
Pirkle JL, Flegal KM, Bernert JT, Brody DJ, Etzel RA, Maurer
KR. 1996. Exposure of the US population to environmental
tobacco smoke: the Third National Health and Nutrition
Examination Survey, 1988 to 1991. JAMA 275:1233–1240. 
Schuster-Kolbe J, Ludwig H. 1994. Smoking and the risk of
cancer. Wien Med Wochenschr 144:540–544. 
Sexton M, Fox NL, Hebel JR. 1990. Prenatal exposure to
tobacco. II. Effects on cognitive functioning at age three.
Int J Epidemiol 19:72–77. 
Song X, Seidler FJ, Saleh JL, Zhang J, Padilla S, Slotkin TA. 1997.
Cellular mechanisms for developmental toxicity of chlor-
pyrifos: targeting the adenylyl cyclase signaling cascade.
Toxicol Appl Pharmacol 145:158–174. 
Sram RJ, Binkova B, Rossner P, Rubes J, Topinka J, Dejmek J.
1999. Adverse reproductive outcomes from exposure to
environmental mutagens. Mutat Res 428:203–215. 
Thier A, Enck J, Klossner C. 1998. Plagued by Pesticides: An
Analysis of New York State and New York City’s 1997
Pesticide Use and Sales Data. New York:New York Public
Interest Research Group, 1-43. 
U.S. EPA. 1996. Environmental Health Threats to Children.
Washington, DC: U.S. Environmental Protection Agency. 
———. 2002. Chlorpyrifos Revised Risk Assessment and Risk
Mitigation Measures. Washington, DC:U. S. Environmental
Protection Agency. 
Wagenknecht LE, Manolio TA, Sidney S, Burke GL, Haley NJ.
1993. Environmental tobacco smoke exposure as deter-
mined by cotinine in black and white young adults: the
CARDIA Study. Environ Res 63:39–46. 
Wernette DR, Nieves LA. 1992. Breathing polluted air: Minority
disproportionately exposed. EPA J 18:16–17. 
WHO. 1986. Principles for Evaluating Health Risks from
Chemicals during Infancy and Early Childhood: The Need
for a Special Approach. Environmental Health Criteria,
Series No. 59. Geneva:World Health Organization.
Whyatt RM, Barr DB, Perera FP, Barr JR. 2001. Measurements
of non-persistent pesticides in blood samples collected at
birth from urban minority women and their newborns.
Presented at the ISEA Annual Meeting, Alternative Human
Matrices for Biomonitoring, 4–8 November 2001,
Charleston, SC. 
Whyatt RM, Camann DE, Kinney PL, Reyes A, Ramirez J,
Dietrich J, et al. 2002. Residential pesticide use during
pregnancy among a cohort of urban minority women.
Environ Health Perspect 110:507–514. 
Whyatt RM, Perera FP. 1995. Application of biologic markers
to studies of environmental risks in children and the
developing fetus. Environ Health Perspect 103:105–110. 
Wood KA, Youle RJ. 1995. The role of free radicals and p53 in
neuron apoptosis in vivo. J Neurosci 15: 5851–5857. 
Children’s Health | Prenatal exposure to pollutants and birth outcomes 
Environmental Health Perspectives • VOLUME 111 | NUMBER 2 | February 2003 205